Abstract: Karyotypes, sex chromosome systems and meiotic characteristics are reported for ten spider species belonging to the families Gnaphosidae, Philodromidae, Salticidae, Oxyopidae and Sicariidae by using standard Giemsa staining. The male diploid numbers (2n) and sex chromosome systems are as follows: Berinda hakani 2n = 22 (X1X2), Berinda ensigera 2n = 22 (X1X2), Trachyzelotes lyonneti 2n = 22 (X1X2), Trachyzelotes malkini 2n = 22 (X1X2), Zelotes caucasius 2n = 22 (X1X2) (Gnaphosidae); Thanatus pictus 2n = 28 (X1X2), Tibellus macellus 2n = 24 (X1X2) (Philodromidae); Neon reticulatus 2n = 21 (X0) (Salticidae); Peucetia virescens 2n = 28 (X1X2) (Oxyopidae) and Loxosceles rufescens 2n = 21 (X1X2Y) (Sicariidae). All species have monoarmed chromosomes with the exception of L. rufescens that has biarmed (metacentric and submetacentric) chromosomes. The obtained data are the first results for the genera Berinda, Trachyzelotes and Neon. Additionally, with the exception of L. rufescens, all species are being chromosomally analyzed for the first time.
Introduction
Karyotypes of 706 species of spiders belonging to 65 families and 275 genera have been investigated so far. Araneomorph spiders have a high diversity in diploid chromosome numbers, ranging from ten to 49 in entelegynes and from seven to 38 in haplogynes (Araujo et al. 2013) . With regards to chromosome morphology, entelegyne spiders exhibit a predominance of monoarmed chromosomes; but in contrast, haplogynes have a prevalence of biarmed (metacentric/submetacentric) chromosomes Kořínková & Král 2013) .
Spider karyotypes indicate a predominance of multiple sex chromosome system. The vast majority of studied spiders presents the system X 1 X 2 /¾X 1 X 1 X 2 X 2 , often assigned as X 1 X 2 0 in males, where 0 denotes the absence of the Y chromosome (Kořínková & Král 2013 ). This system is common in entelegynes , also has been found in some haplogynes (Suzuki 1954) .
Salticidae and Gnaphosidae are one of the largest families in the order Araneae that includes 5,615 and 2,147 species (Platnick 2013) , despite the high number of these spiders; only 169 (3.0%) and 38 species (1.8%) have been cytogenetically analyzed (Araujo et al. 2013; Maddison & Leduc-Robert 2013) . Moreover, Philodromidae, Oxyopidae and Sicariidae have 542, 447 and 130 described species, respectively (Platnick 2013) . Among them, a total of 4% are cytogenetically known (Araujo et al. 2013 ). Up to now, there is no chromosomal data on the genera of Berinda Roewer, 1928 , Trachyzelotes Lohmander, 1944 and Neon Simon, 1876 This paper focused on karyotypes, sex chromosome systems and meiosis of some male araneomorph spiders, one representative of the haplogyne Sicariidae and nine entelegyne spiders belonging to the families Gnaphosidae, Philodromidae, Salticidae and Oxyopidae, using standard giemsa staining. Karyological data including diploid number, sex chromosome systems and meiosis structure can be useful for establishing evolutionary relationships between species and for differentitating species that otherwise look morphologically similar.
Material and methods
Specimens were collected in the field by hand or dry pitfall traps and brought alive to the laboratory. Detailed data on specimens were given in Table 1 . A total of 53 male adults belonging to the families Gnaphosidae, Philodromidae, Salticidae, Oxyopidae and Sicariidae were analysed, including represantatives of ten species, namely, Berinda hakani Chatzaki & Seyyar, 2010; Berinda ensigera (O.P. Cambridge, 1874); Trachyzelotes lyonneti (Audouin, 1826); Trachyzelotes malkini Platnick & Murphy, 1984; Zelotes caucasius (L. Koch, 1866) ; Thanatus pictus L. Koch, 1881; Tibellus macellus Simon, 1875; Neon reticulatus (Blackwall, 1853); Peucetia virescens (O.P. Cambridge, 1872) and Loxosceles rufescens (Dufour, 1820). All specimens were deposited in the collection of Nevşehir University, Art and Science Faculty, Department of Molecular Biology and Genetics, Nevşehir, Turkey.
Chromosomes were prepared using a spreading technique according to Traut (1976) with some modifications; c 2014 Institute of Zoology, Slovak Academy of Sciences the gonads were hypotonized in 0.075 M KCl for 12-15 min at room temperature (RT) and fixed in two changes of freshly prepared Carnoy fixative (ethanol, chloroform, and glacial acetic acid; 6:3:1) for 10 and 20 min (RT). A piece of tissue was suspended in a drop of 60% acetic acid on a slide using a pair of tungsten needles. The slide was dried on a histological plate with surface temperature 42
• C and stained with a 5% Giemsa solution in Sorensen phosphate buffer (pH 6.8) for 27 min. The cells were observed under an Olympus BX53 microscope and images were photographed with an Olympus DP 26 digital camera and the CellSens program (Olympus). For all species, chromosomes of 10 mitotic metaphases were measured to construct the karyotype. Relative chromosome lengths (RCLs) were calculated as a percentage of the total chromosome lenght of the diploid set with sex chromosomes for each species. The identification of sex chromosomes were made by tentatively. Chromosome morphology was classified according to the method of Levan et al. (1964) .
Results

Gnaphosidae
Diploid chromosome set of Berinda hakani was 2n = 22 and all chromosome pairs were telocentric including sex chromosomes. The sex chromosome system was X 1 X 2 type. Relative lenghts of autosome pairs were decreased gradually in size from 7.04 to 4.49% (Fig. 1A) .
The gonosomes did not differ from autosomes during spermatogonial mitosis but distinguished in meiotic stages between pachytene (Fig. 3A) to anaphase I. There were 10 autosomal bivalents and two univalent X chromosomes in diplotene (Fig. 3B ), diakinesis and metaphase I. During second meiotic stages there were two kinds of nuclei with or without sex chromosomes (Fig. 3C) . Fig. 1 . Karyotypes of species studied: A -Berinda hakani, 2n = 22 (X 1 X 2 ); B -Berinda ensigera, 2n = 22 (X 1 X 2 ); C -Trachyzelotes lyonetti, 2n = 22 (X 1 X 2 ); D -Trachyzelotes malkini, 2n = 22 (X 1 X 2 ); E -Zelotes caucasius, 2n = 22 (X 1 X 2 ). Scales 10 µm.
In Berinda ensigera (2n = 22, X 1 X 2 ) all autosomes and gonosomes were telocentric. The autosome pairs, as well as X chromosomes were decreased gradually in size (Fig. 1B) . The largest autosome pair was 7.82% and the smallest pair was 3.93%. X 1 was longer than the autosomes of the fourth pair (6.37%) and X 2 was longer than the last autosome pair (4.81%).
Sex chromosomes were positively heteropycnotic from leptotene to diakinesis. By leptotene to diplotene sex chomosomes formed a "body" situated at the periphery of the nucleus. Diplotene (Fig. 3D ), diakinesis and metaphase I consisted of 10 bivalents with terminal and interstitial chiasma. X 1 and X 2 were distinguisable during second meiotic metaphase (Fig. 3E) . Anaphases nuclei contained either n = 10 or n = 12 isopycnotic chromosomes.
The two analyzed Trachyzelotes species had a similar karyotype; the diploid chromosome number of both Trachyzelotes lyonetti and Trachyzelotes malkini was 2n = 22 with two non-homologues X chromosomes. All chromosomes were telocentric and gradually decreased in size. The largest autosome pair of the set was 5.56% in T. lyonetti and 6.90% in T. malkini; the smallest autosome pair was 3.56% and 3.93%, respectively ( Figs 1C, D) .
The sex chromosomes were positively heteropycnotic during first meiotic stages of both Trachyzelotes species studied (Fig. 3F ) and isopycnotic during second meiotic cells only except in the prophase II of T. lyonetti (Fig. 3G) . Furthermore, there were 10 autosomal bivalents and two univalent sex chromosomes on diplotene nuclei (Fig. 3H) . At anaphase I, the nuclei contained n = 10 or n = 12 chromosomes. Zelotes caucasius (2n = 22) exhibited only telocentric pairs (Fig. 1E) . The chromosome lengths were between 4.63% and 3.25%, X 1 and X 2 were 4.04%, 3.78%, respectively.
Beginning from the pacyhtene, there were 10 autosomal bivalents and two not associated sex chromosomes in the first meiotic division (Fig. 3I) . Sex chromosomes were positively heteropycnotic in metaphase II. Anaphase stages were displayed two kinds of nuclei that had 10 or 12 chromosomes.
Philodromidae
The karyotype of Thanatus pictus consisted of 2n = 28 (X 1 X 2 ) chromosomes; autosomes and gonosomes were telocentric and gradually decreased in size ( Fig. 2A) . Chromosome lengths of autosome pairs ranged between 7.40% and 4.03%. The lengths of X 1 and X 2 was 7.27% and 4.25%, respectively.
The 24 chromosomes of Tibellus macellus were telocentric, with two unequal gonosomes. Sex chromosome system was X 1 X 2 0 type and the lengths of X 1 and X 2 were 8.17% and 6.50%, respectively. Autosomal pairs decreased gradually in size from 9.54 to 5.79% (Fig. 2B) .
The sex chromosomes formed a positively heteropycnotic sex chromosome body at the stages of prophase I in both T. pictus and T. macellus; 13 (Fig. 4A) and 11 (Fig. 4B ) autosomal bivalents were found from by diplotene to metaphase I, respectively. Anaphase II cells exhibited n = 13 or n = 13 + X 1 X 2 in T. pictus and n = 11 or n = 11 + X 1 X 2 in T. macellus (Fig. 4C) .
Salticidae
The chromosomes of Neon reticulatus (2n = 21, X0) were telocentric (Fig. 2C) . Autosome pairs gradually decreased in size. X chromosome was the largest element in the karyotype and similar in size to the largest autosome pair. Chromosome lengths of autosomes were ranged between 6.02% and 3.59%, X chromosome was 6.14%.
During the first meiotic stages, X chromosome formed an intensely stained material (Fig. 4D ) and 10 autosomal bivalents and a sex univalent were observed in diplotene nuclei (Fig. 4E) . During the second meiotic stages, X chromosome revealed an isopycnotic behaviour. At the end of second meiotic division two kinds of nuclei (n = 10 + X or n = 10) were found.
Oxyopidae
In Peucetia virescens the karyotype consisted of 2n = 28 chromosomes. All autosomes and two X chromosomes displayed telocentric morphology (Fig. 2D) . Au- tosome pairs decreased gradually in size and the lengths of pairs were between 9.48% and 5.34%. X 1 and X 2 presented a RCL of 5.81% and 5.69%, respectively.
Leptotene, zygotene and pachytene cells included a positively heteropycnotic body that was located at the periphery of the nucleus (Fig. 4F) . At diplotene nuclei, 13 autosomal bivalents and two sex univalents were observed (Fig. 4G ). Metaphase II presented two different nuclei that contain n = 13 or n = 15 chromosomes with two Xs.
Sicariidae
The male karyotype of Loxosceles rufescens contained 21 chromosomes (Fig. 2E) . The karyotype formula was 2n = 21, X 1 X 2 Y and all chromosomes including sex chromosomes were biarmed. Chromosome lengths decreased gradually in size; the largest autosome pair was 11.96% and the smallest was 6.21% of the karyotype. The lengths of sex chromosomes (X 1 , X 2 , Y) were 13.78%, 13.56% and 2.02%, respectively.
During early prophase I, sex chromosomes were positively heteropycnotic (Fig. 4H) and diplotene, diakinesis and metaphase I stages showed 9 autosomal bivalents plus one trivalent composed of the X 1 , X 2 , Y gonosomes (Fig. 4I) . In second division, X 1 and X 2 were indistinguishable, therefore Y was differentiated as the smallest element.
Discussion
The diploid chromosome numbers in spiders range from 7 (Suzuki 1954) to 128 . Araneomorphs represent lower diploid numbers than mygalomorphs, with haplogynes possessing diploid numbers between 7 (Ariadna lateralis Karsch, 1881, Segestriidae : Suzuki 1954) Up to now, 706 spider species have been cytogenetically investigated (Araujo et al. 2013 ). More than 67.3% of spiders (Araujo et al. 2012 ) have X 1 X 2 /¾X 1 X 1 X 2 X 2 type and most probably the X 1 X 2 0 system is ancestral as inferred from its presence in the most primitive spiders namely Mesothelae and some mygalomorph families (Atypidae and Dipluridae: Řezáč et al. 2006) .
Gnaphosidae is the seventh largest family in the order Araneae including 2,134 species (Platnick 2013) . Despite the high number of these spiders; only 38 species (1.8%) belonging to 19 genera have been cytogenetically analyzed (Araujo et al. 2013) . Based on these studies, the diploid chromosome number in gnaphosids ranges from 21 to 30 (Kumbıçak et al. 2013), this study presents the diploid chromosome number in males of Berinda hakani, Berinda ensigera, Trachyzelotes lyoneti, T. malkini and Zelotes caucasius 2n = 22, which agrees with the vast majority of gnaphosids. Furthermore, this study displays the first chromosomal results on the genera Berinda and Trachyzelotes. Zelotes strandi (Nosek, 1905) (Kumbıçak et al. 2009 ) and Zelotes subterraneus (C.L. Koch, 1833) (Hackman 1948) were analyzed, previously. These results are compatible with the results of Z. caucasius.
There are about 100 species belonging to the genus Thanatus C.L. Koch, 1837 worldwide (Platnick 2013 ), but only three Thanatus species have been cytogenetically studied namely Thanatus formicinus (Clerck, 1757) (Hackman 1948) , Thanatus meronensis Levy, 1977 (Gorlova et al. 1997) and Thanatus imbecillus L. Koch, 1878 (Kumbıçak et al. 2013) . Despite the high diversity of the genus Thanatus, they are poorly known from a cytogenetic point of view. According to the prior studies, diploid number and sex chromosome system were 2n = 28 and X 1 X 2 0 type, respectively. In this study, the results of Thanatus pictus are similar to the former studies. It seems that the chromosome number and sex chromosome system are relatively conservative in the genus Thanatus.
Up to now, three species of Tibellus Simon, 1875 have been analyzed. These specimens were Tibellus duttoni (Hentz, 1847) (Tugmon et al. 1990 ), Tibellus oblongus (Walckenaer, 1802) (Hackman 1948; Sokolov 1960 Sokolov , 1962 and Tibellus tenellus (L. Koch, 1876) (Suzuki 1952) ; all of them have the same sex chromosome system as X 1 X 2 0, however the varies on diploid number like 29, 24 and 28, respectively. Furthermore, there is not a phylogenetic analysis that shows the internal relationships within Tibellus species, so it is not possible to know if the T. macellus, with 2n = 24, is closest to T. oblongus (also with 2n = 24) than to T. duttoni and T. tenellus (2n = 29 and 2n = 28). This paper is the first description of karyotype data for T. macellus (2n = 24 and X 1 X 2 0 type), however more studies are needed to show a general karyotype for the genus Tibellus.
This study, the first on the genus Neon, reports an unusual number and sex chromosome system for the family Salticidae, 2n = 21, X, which has only been found in Aelurillus politiventris (O.P. Cambridge, 1872) (Gorlova et al. 1997) and Marpissa sp. (Srivas-tava & Shukla 1986) . Marpissa, Aelurillus and Neon are included in different clades within salticids (Maddison & Hedin 2003; Maddison et al. 2008) , which suggest independent origins of the karyotype 2n = 21, X in salticids. It is interesting that Neon (2n = 21, X) and Myrmarachne (some species with 2n = 23, X or 2n = 25, X, and other with 2n = 28, X 1 X 2 ) were assigned to the same clade, the Astioida, by Maddison et al. (2008) . This possible relationship was previous suggested in the 28S phylogenetic analysis of Maddison & Hedin (2003) . Conversion from a 2n = 21, X karyotype to an 2n = 23, X or 2n = 25, X karyotype could be simple explained by rearrangements involving only one or two autosomal pairs. The telocentric X chromosome in Neon reticulatus probably originated by through gradual elimination of one X chromosome of X 1 X 2 type or by reciprocal translocation between X 1 and X 2 chromosomes, preceded by distal fission in one sex chromosome and proximal fission in the other X (Maddison & Leduc-Robert 2013) . The large telocentric X chromosome evolved as a result of these karyotype changes.
Till now, three species of the genus Peucetia Thorell, 1869 have been analyzed; the diploid numbers and sex chromosome systems have been determined as 2n = 21, X0 in Peucetia rubrolineata Keyserling, 1877 (Stávale et al. 2011 ); 2n = 22, X 1 X 2 in Peucetia flava Keyserling, 1877 (Stávale et al. 2011 ); 2n = 28, X 1 X 2 Peucetia viridana (Stoliczka, 1869) (Bole-Gowda 1950; . It is interesting to note that both species with 2n = 28 (P. virescens and P. viridana) are distributed on India and Turkey (Old World) and the species with reduced diploid chromosome numbers (P. flava and P. rubrolineata) are distributed on South and Central America (New World). This geographical isolation could be an explanation to chromosomal differences within species of this genus.
Seven species of the genus Loxosceles Heineken & Lowe, 1832 have been studied so far, according to these studies, the diploid chromosome numbers varied from 2n = 18 (L. reclusa Gertsch & Mulaik, 1940 : Tugmon et al. 1990 ) to 2n = 23 (Loxosceles gaucho Gertsch, 1967: Oliveira et al. 1996 ; Loxosceles intermedia Mello- Leitão, 1934 : Oliveira et al. 1997 Wirschum Silva et al. 2002; Loxosceles laeta (Nicolet, 1849) : Silva 1988; Oliveira et al. 1997; Wirschum Silva et al. 2002 and two kinds of sex chromosome systems have been found as X 1 X 2 Y and X 1 X 2 in males (Araujo et al. 2013) . Loxosceles rufescens is an example that shows an X 1 X 2 Y sex chromosome system, with presence of an Y chromosome and biarmed chromosomes in a karyotype. My results are compatible with those of Král et al. (2006) who also found 2n = 21, X 1 X 2 Y. However, the first investigations provided by Beçak & Beçak (1960) revealed 2n = 20. This discrepancy may be due to either interpopulation variability in chromosome numbers, a failure in identifying the tiny Y as a chromosome or an incorrect taxonomical identification of the specimens studied by those authors. Biarmed chromosome were also commonly found in other haplogyne families, namely, Drymusidae, Filistatidae, Hypochilidae, and Pholcidae. In most representatives of these families studied so far, the X 1 and X 2 are large metacentric chromosomes of similar size, whereas the Y is a metacentric microchromosome (Kořínková & Král 2013) .
